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Abstract 
Purpose: - Built environment organisations face global challenges between business 
units, especially since the coronavirus pandemic (COVID-19) has profoundly disrupted 
the construction industry worldwide, including the management of construction 
megaprojects (CMPs). This research aims to develop a competency framework, for global 
integrated delivery (GID) transformative initiatives and future of work (FOW) global 
initiatives, to manage integration between lean construction (LC) practices and integrated 
project delivery (IPD) on construction megaprojects (CMPs) in contemporary 
multinational engineering organisations. 
Design/methodology/approach: - ‘Mixed research methods’ involves a two-stage 
quantitative and qualitative research approach. In the context of CMPs, stage one 
consisted of a qualitative research methodology comprising a literature review to examine 
competencies, COVID-19 impacts, responses and key drivers (KDs) to integrate 
LeanIPD&GID; stage one outcomes propose a conceptualisation of LeanIPD&GID, a 
competency framework and FOW global initiatives. Stage two involved an empirical 
questionnaire survey for a set of 30 KDs arranged into five factor clusters (FCs), 226 
respondents from 23 countries with an extensive cosmopolitan experience; analysis 
adopted structural equation modelling (SEM), descriptive and inferential statistics, 
percentage scoring analysis, principal component analysis (PCA) and Eigenvalues. 
Findings: - In the context of CMPs, stage one outcomes delivered a conceptualisation of 
LeanIPD&GID, a proposed competency framework and FOW global initiatives. Stage 
two concluded that the most significant KDs are ‘collaboration in design, construction 
works and engineering management,’ ‘coordination and planning of construction work,’ 
‘senior organisational management support,’ ‘boosting implementation of LC, and 
integrating project delivery’, and ‘earlier and precise 3D visualisation of designs’. BIM 
adoption in the MENA region is higher than LC; the second is still taking its first steps, 
while IPD has little implementation. LeanBIM is slightly integrated, while LeanIPD 
integration is almost not present. 
Originality/value: - The research findings, conceptualised LeanIPD&GID principles, a 
proposed competency framework and FOW global initiatives, provided future research 
streams and directions; the study has provided a competency framework and FOW global 
initiatives for effective practical strategies for enhancing integration of LeanIPD&GID 
transformative initiatives on CMPs and will allow project key stakeholders to place 
emphasis on boosting LeanIPD&GID KDs. 
Keywords: Integrated project delivery, Global integrated delivery, Lean construction, 
LeanIPD&GID, COVID-19, Organisation behaviour, Construction megaprojects, 
Organisations, Competency framework 
Paper type Research paper  
1. Introduction 
The built environment encounters substantial risks and challenges in its evolution 
towards sustainable development (Evans and Farrell, 2021). International businesses, 
multinational architecture, engineering, and construction (AEC) organisations 
(including enterprises and corporations), technical professional, architecture, 
engineering, construction, project and portfolio management organisations face global 
connectivity challenges between business units, especially during the outbreak of the 
novel coronavirus pandemic 2019 (COVID-19). This pandemic has profoundly 
disrupted the construction industry throughout the world, and made in infinitely more 
difficult to manage construction megaprojects (CMPs). COVID-19 was first reported in 
the Chinese city of Wuhan in December 2019, and was recognised by China as a new 
virus in the third week of January 2020. The World Health Organization (WHO) 
initially described it as a Public Health Emergency of International Concern (PHEIC) at 
the end of January, and finally recognised it as a pandemic on March 11, 2020 (WHO, 
2020). Factors have made COVID-19 the worst pandemic in recent history are rapid 
spread; heightened vulnerability among aged and low immune people; and differential 
recovery rates in different countries and age groups (Izumi et al., 2020). Engineering 
industry risks and challenges along with the disruptive health crisis of COVID-19 raises 
the need to manage global connectivity as a main strategic goal of global organisations. 
The pandemic caused by the newest strain of COVID-19 has sent global economies into 
a tailspin; there are numerous uncertainties due to measures taken to slow the spread of 
COVID-19 or to flatten the curve, and many challenges were experienced particularly 
on CMPs (Evans et al. 2021b). Most federal, state, and local governments worldwide 
have requested minimising gatherings and have encouraged telecommuting; this was 
not totally feasible on CMPs. COVID-19 is causing unprecedented changes and 
responses to business, economic, and social aspects, resulting in a sense of normality 
after the pandemic, referred to as the new normal. The construction industry is one of 
the largest international industries and has arguably been hit the hardest by the 
pandemic. Therefore, it is prudent to provide insights into how the pandemic might 
affect the different market conditions and aspects of the construction industry. However, 
the effects of COVID-19 on the construction sector vary from region to region; this 
makes tracking the impacts of the pandemic on CMPs a problematic task. Furthermore, 
uncertainties related to the severity and duration of the crisis make it hard to forecast 
how a recovery could unfold for the construction industry. Therefore, AEC 
organisations constantly are looking for best practices that they can implement to ensure 
a smooth and better recovery from the pandemic. 
Organisations in the construction industry need new professionals who possess a 
combination of knowledge, skills, and attributes (KSAs) that will contribute to company 
success in a rapidly dynamic built environment. Desired KSAs include technical and 
professional competencies traditionally framed as hard versus soft skills (Ahmed et al., 
2014). Researchers have examined a variety of professional competencies to gain a 
greater understanding of the barriers that inhibit the integration of professional 
competencies into technically focused curricula (Itani and Srour, 2016). Leadership has 
been identified as a key element for meeting the needs of the construction industry 
(Simmons et al., 2020). Despite attempts to examine competency in the built 
environment; limited studies have examined competencies needed for effective job 
performance on CMPs in contemporary multinational engineering organisations.  
1.1 Research objectives 
A plethora of published literature have provided holistic reviews and undertook 
empirical studies to discuss and show the different application and use of building 
information modelling (BIM) and lean construction (LC) to improve the construction 
industry (Evans and Farrell, 2020). However, limited studies have examined 
competencies, COVID-19 impacts and responses, KDs to global integrated delivery 
(GID), integration between LC and IPD, and integration between LeanIPD and GID, as 
LeanIPD&GID, on CMPs (Evans and Farrell, 2020; Evans et al., 2021c, Evans et al., 
2021a). Much criticism has been raised about the separate implementation of either 
BIM or LC practices in the built environment (Olawumi and Chan, 2019b) due to 
difficulties and more problems caused by its adoption. Despite the obvious benefits of 
adopting the IPD approach in the USA and many countries worldwide, its 
implementation in the Middle East and North Africa (MENA) region faces a number of 
challenges which limit its adoption on megaprojects (Evans and Farrell, 2021; Rached 
et al., 2014). The current construction literature associated with the integration of IPD, 
LC and or BIM is limited, and existing studies mostly focus on qualitative approaches. 
There is too little research that investigates KDs to integrate LC practices and IPD 
principles on CMPs, LeanIPD, towards the GID transformative initiatives in 
contemporary multinational organisations, or LeanIPD&GID. 
The uncertainties related to the coronavirus crisis's severity and duration make it hard to 
forecast how a recovery could unfold for the construction industry. Therefore, AEC 
organisations are constantly looking for best practices they can implement to ensure a 
smooth and better recovery from the pandemic. For all the reasons mentioned above, 
this research is found to deliver the fundamental link to bridge the gap and to investigate 
the interrelated aspects of COVID-19 and CMPs, and drivers to integrate lean 
construction and integrated project delivery on CMPs to offer the industry and academia 
with research guidelines, a competency framework and future of work (FOW) global 
initiatives. In the context of CMPs in contemporary multinational architecture, 
engineering and construction organisations, the research objectives are: -  
RO1: To build a comprehensive background through reviewing the nature of the 
construction industry, BIM, LC, IPD, LeanBIM, LeanIPD, LeanIPD&GID, 
competency behaviours, and FOW transformative initiatives; 
RO2: To conceptualise LeanIPD&GID and develop a competency framework, 
LeanIPD&GID transformative initiatives, FOW transformative initiatives; 
RO3: To identify and assess KDs of LeanIPD&GID, and examine the perception 
of AEC industry professionals and academics towards the KDs of integrating 
LeanIPD and LeanIPD&GID;  
RO4: To establish the significance of KDs of LeanIPD&GID and the relative 
weight and significance of FCs associated with LeanIPD integration – including 
LeanBIM. 
The paper is organised into eight sections. Section 1 introduces the topic. Section 2 is a 
literature review. Section 3 describes the research methodology. Section 4 proposes the 
competency framework. Section 5 introduces FOW global initiatives. Section 6 
provides the research analysis, findings, and discussion of results. Section 7 presents the 
conclusions. Finally, Section 8 is recommendations. 
2. Literature review 
A number of recent research studies have discussed the use of BIM, LC, and IPD in the 
construction industry while there is little work focusing on investigating their 
integration towards GID at organisational level. In this section, the definition of each 
component of BIM, LC, and IPD as described in the construction literature is provided 
and then recent research concentrating on the use of all three components in projects is 
discussed. Research also will define, redefine, and conceptualise integration principles 
of BIM, LC, IPD, LeanBIM, LeanIPD, and LeanIPD&GID. Figure 1 illustrates the 
hierarchy of integration concepts, noting that all concepts originate at project level but 
GID concepts are at organisational level 
 
Figure 1. Hierarchy of integration of BIM, LC, IPD, LeanBIM, LeanIPD, and 
LeanIPD&GID concepts on CMPs at organisational level  
 
2.1 Global integrated delivery 
The ‘globally integrated enterprise’ (GIE) business model emerged from massive 
socioeconomic changes that were occurring throughout the world in the 1990s. A key 
factor was the emergence of the Internet. There are some earlier contributions in the 
GIE intuitive by Palmisano (2006), IBM (2006), and the Lisbon Council (2007). Maerki 
(2008) introduced IBM’s business model and strategy by explaining how the enterprise 
transformed from an international corporation model of the nineteenth century, to the 
multinational corporation model of the twentieth century. This was a response to 
globalisation, its subsequent impact of governance and technological advances in the 
nineteenth century. Lubowe et al. (2009) discussed comprehensive strategies for 
globally integrated operations. Bramante et al. (2010) discussed IBM’s case-study in 
transforming to GIE between 2000 and 2010.  
2.2 Integrate project delivery 
AIA/AIA CC American Institute of Architects and AIA California Council (2007) 
defines IPD as “a project delivery approach that integrates people, systems, business 
structures and practices into a process that collaboratively harnesses talents and insights 
of all participants to optimise project results, increase value to owners, reduce waste, 
and maximise efficiency through all phases of design, fabrication, and construction.” 
Figure 2 shows the relationship among BIM, LC and IPD principles and GID 
transformative initiatives. 
 
Figure 2. Staked Venn diagram shows relationship among BIM, LC, IPD principles and 
GID transformative initiatives [vector artwork design using Adobe® Illustrator 
software] (Evans et al., 2021b) 
The principles of IPD, as its name suggests, is integration or collaboration between the 
different participants involved in projects. For efficient collaboration to take place, 
project delivery systems must encompass several core features, including: (1) early 
collaboration during design, (2) alignment of interests and objectives among project 
parties in line with overall project objectives (AIA/AIA CC American Institute of 
Architects and AIA California Council, 2007), (3) trust and respect between parties and 
a ‘no-blame’ culture within projects (Evans et al., 2020b), (4) high levels of teamwork, 
communication and collaboration (Evans et al., 2020a), (5) processes and tools that 
encourage cooperation, for example, BIM (Evans et al., 2021b), (6) pain-share/gain-
share agreements (Evans et al., 2020b), (7) high levels of teamwork, communication 
and collaboration (AIA/AIA CC American Institute of Architects and AIA California 
Council, 2007), and (8) the employment of collaborative planning systems, such as ‘last 
planner systems’ (LPSs) for production planning and control (Ballard, 2000). 
2.3 Lean construction 
In the 1990s, recognised as an outcome of the Toyota production system (TPS), lean 
manufacturing (or lean production) was established and implemented with significant 
achievements, and this led to the original uses of lean thinking in the construction 
industry (Ballard and Howell,1998; Koskela, 2000; Koskela, et al. 2002). Liker (2004) 
described principles and behaviours that underlie the operational philosophy of the 
Toyota Motor Corporation. Since lean principles originally appeared as philosophies, it 
can be defined in many different ways in accordance with the purpose of the users 
(Forbes and Ahmed, 2010; Koskela et al., 2019). Lean in construction is described as a 
method to design construction systems to lessen waste of time, materials, and effort in 
the interest of maximising possible project value (Sacks, 2013; Howell, and Koskela, 
2000). 
2.4 Building information modelling 
Building information modelling (BIM) is defined as a digital representation of a facility 
illustrating accurate geometry and pertinent data used for supporting design, 
procurement, fabrication, and construction, of projects (Sacks et al., 2018). Building 
information models also encompass exchangeable data or files used to assist 
communication and decision-making processes (Evans et al., 2021c; Evans et al., 
2021b; Sacks et al., 2018; Evans and Farrell, 2020). 
 
2.5 Competencies and skills in construction industry   
Researchers have surveyed different groups of construction industry professionals in the 
US to identify which KSAs are desired in construction industry. Ahn et al. (2012) 
identified 14 key competencies for construction professionals that were then explored in 
a survey of construction company recruiters in the USA. Survey results were used to 
define four categories of desired competencies (general, affective, cognitive, and 
technical competencies) and revealed that ethical issues, problem-solving skills, and 
interpersonal skills were the top three competencies that companies looked for when 
recruiting new people. Bhattacharjee et al. (2013) also surveyed USA construction 
industry KSAs from two categories of competencies: construction knowledge and 
interpersonal skills. Finally, Ahmed et al. (2014) surveyed architecture, engineering, 
and construction professionals in South Florida about their perceptions of the KSAs 
construction management graduates should have. The survey asked about 93 
competencies that included personal attributes, professional attributes, technical skills, 
managerial skills, industry and business skills, people skills, and legal and contractual 




Table 1. Significant key competencies in the construction industry (existing literature) 
Reference Focus Significant competencies 
Simmons et al. 
(2020) 
CM Communication skills, ethics/responsibility, professionalism, critical 
thinking/problem solving, big picture thinking, ambition/drive, self-awareness, 
humility, teamwork/collaboration/networking, people focus, time management, 
management, adaptability, quality control, computer skills, safety and risk 
management, assertiveness, legal knowledge, and economic principles/trends 
Zheng et al. (2020) CM Experience and certifications, professional and technical capabilities, 
construction site management, project objectives monitoring, project team 
management, coordination and communication, external stakeholder 
management, and organisational management capabilities 
Wiezel and Badger 
(2015) 
CM multidisciplinary technical experience, practical understanding of technology, 
possess keen, business insight, understands project management, build 
knowledge networks, monitor risk continually, communicate effectively, 
display emotional maturity, make complex decisions, leverage diverse 
thinking, build relationships, engage teams, mentor people, and build trust 
Gao and Eldin 
(2014) 
C Teamwork, communication skills, college degree and computer skills 
Ahmed et al. (2014) CM Knowledge of health and safety regulations, interpreting contract documents, 
listening ability, giving attention to details, knowledge of building codes and 
regulations, and time management 
Bhattacharjee et al. 
(2013) 
C Interpersonal skills, trust and honesty, problem solving, teaming, critical 
thinking, adaptable to changing environment, construction knowledge, ability 
to interpret construction documents, quantity take-off, occupational safety and 
health administration (OSHA) regulations knowledge, identification of project 
activities and their relationships, and quality control 
Ahn et al. (2012) C Ethical issues, problem-solving skills, interpersonal skills, leadership, 
adaptability, collaborative skills, and safety issues 
Dainty et al. (2005) CM Achievement orientation, initiative, information seeking, focus on client’s 
needs, impact and influence, directiveness, directiveness, team leadership, 
analytical thinking, conceptual thinking, self-control, and flexibility 
Notes: CM= construction management, C= construction 
 
  
2.6 Construction industry and coronavirus pandemic   
Hansen (2020) investigated whether the COVID-19 outbreak constitutes a force 
majeure event by studying three international standard contract forms: International 
Federation of Consulting Engineers (FIDIC), The New Engineering Contract (NEC), 
and Joint Contracts Tribunal (JCT), and highlighted importance of a comprehensive and 
well-drafted force-majeure clause. Parr et al. (2020) studied the traffic impacts of the 
COVID-19 pandemic on human behaviour by focusing on the overall statewide traffic 
volume in Florida to identify spatial and temporal changes resulting from the 
coronavirus. Harinarain (2020) explored the perceptions of stakeholders in the South 
African construction industry during the nationwide COVID-19 lockdown. Wang et al. 
(2021) studied impact of COVID-19 on organisational behaviour in emergency CMPs. 
Pirzadeh and Lingard (2021) examined health and well-being of project-based 
construction works due to COVID-19 in Australia. Assaad and El-adaway (2021) 
studied impacts of COVID-19 on construction industry in the USA, that included four 
main impacts (1) workforce-related issues; (2) project and workplace considerations; (3) 
procurement and supply chain implications; and (4) contractual, legal, and insurance 
aspects. Table 2 summarises the studies that investigated COVID-19 by detailing their 
research objective, industry and/or region of interest, research method(s), and main 
findings.  
  
Table 2. Summary of existing literature on construction industry and coronavirus 
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2.7 Crisis management and leadership during COVID-19  
Crises are unstructured events that occur outside organisational leaders’ typical range of 
operations. Lack of leadership during crises can make matters worse and the impact of a 
crisis unmanageable (Sadiq et al., 2020). The COVID-19 pandemic has disrupted the 
jobs of workers, as projects or contracted jobs are put on hold; many jobs have been lost 
(Lee, 2021). In the interconnected world, the pandemic has not only affected lives but 
also had a strong impact on various sectors such as health care, medicine, education, 
transportation, architecture, engineering and construction. In response to this crisis, 
organisations are thrust into making changes to workplace practices such as 
implementing work from home (WFH) arrangements, taking measures to adopt social 
distancing, recording daily temperature readings of employees and reporting of overseas 
travel activity amongst other human resources practices. Some offices assigned different 
teams to work in the office based on rostered schedules (Izumi et al., 2020; Lee, 2021, 
Webb et al., 2021). Governments enforced COVID-19 mitigation measures such as 
closing down some sectors of their economies, mandating physical distancing, issuing 
stay-at-home orders, mandating wearing face coverings in public and issuing states of 
emergency. Lee (2021) investigated the psychological safety, organisation support and 
emotion in the workplace during the transition from office to home working during the 
COVID-19 pandemic crisis; the study reveals the phenomenon of emotion triggered by 
social comparison emotion and critical socio-emotional resources (i.e., task, flexibility, 
communication, health and safety and social support) during a health crisis. 
Specifically, employees’ emotional reactions were elicited from perceived 
organisational support, and in how organisations care for their well-being and work 
contributions and, in turn, influence psychological safety. 
 
2.8 Key drivers to integrate LeanIPD&GID on CMPs 
There has been a surge in recent years in the use of variants of BIM in construction 
processes and previous studies such as Evans and Farrell (2020), Evans et al. (2020b, c), 
Olawumi and Chan (2019b) and Zhang et al. (2018) stressed the need to integrate BIM 
with LC practice to achieve LeanBIM synergy towards LeanIPD. However, as is often 
the case when new techniques and concepts are introduced into the construction 
industry, the implementation of LC practices faced setbacks and challenges (Evans and 
Farrell, 2020). BIM has transformed infrastructure and building development within the 
AEC industry over recent decades (Sacks et al., 2018; Cao et al., 2015; Tsai et al., 
2014). Despite the importance of BIM and LC for the construction industry there is 
currently very limited comprehensive research investigating the KDs to integrate BIM 
and LC practices. Megaprojects are commonly associated with cost overruns and time 
delays. CMPs can be defined as “large-scale, complex, ventures with typically a USD 
value of 1 billion or more, involving multiple public and private stakeholders” 
(Flyvbjerg, 2014). 
Evans and Farrell (2020) applied a Delphi study to investigate critical barrier factors 
(CBFs) encountered by key construction stakeholders in their efforts to integrate BIM 
and LC on CMPs. The research concluded that the most significant barriers to 
integration of LeanBIM are: ‘lack of mandatory BIM and LC industry standards and 
regulations by governments,’ ‘lack of involvement and support of governments,’ 
‘resistance of industry to change from traditional working practices,’ ‘high cost of BIM 
software licences’, and ‘high initial investment in staff training costs of BIM.’ Evans et 
al. (2021c) applied a Delphi survey to investigate the critical success factors (CSFs) that 
enhance integration between BIM and LC practices on CMPs and concluded that the 
five significant BIM CSFs that boost LeanBIM synergy were ‘collaboration in design, 
construction works, and engineering management,’ ‘senior organisational management 
support,’ ‘coordination and planning of construction work,’ ‘earlier and precise 3D 
visualisation of design,’ and ‘boosting implementation of LC and integrating project 
delivery.’ Evans et al. (2021a) introduced a framework for interactions between BIM 
and LC on CMPs, detailing a comprehensive analysis of existing literature. This 
research included a conceptual analysis of interactions between BIM and LC on CMPs 
and yielded ten-LC principles and ten-BIM functionalities that are necessary for their 
integration. A framework of interaction between BIM and LC was then compiled. 
Table 3 is a compilation of 30 KDs to integrate LC principles and BIM tools towards 
LeanIPD on CMPs that is cross-referenced against existing literature. In order to apply 
BIM effectively, practitioners and researchers need to recognise KDs of LeanIPD, and 
accordingly take actions to confirm constructive application of these significant 
domains. There is an essential need to conduct critical analysis to reconfigure KDs for 
improving LeanIPD application from early design stages to construction and over the 
entire project lifecycle. This research seeks the opinion of an expert panel to rank, 
analyse and prioritise the barriers recognised in extant literature, to aid key stakeholders 
and decision-makers in construction industry, and to emphasise the most significant 
challenges hindering the efficient adoption of LeanIPD on CMPs.  
  
Table 3. KDs to integrate LeanIPD&GID on CMPs 
Code KDs to integrate LeanIPD&GID Reference source 
KD1 Integrating project documentation/bid preparation 24, 25 and 14 
KD2 Adequate cost allocation to BIM 24, 14 and 32 
KD3 Clash detection, integrating, coordinating, and validating designs 28 and 32 
KD4 Predictive analysis of performance (thermal, energy, i.e., CO2) 4, 24, 32 and 34 
KD5 Improving site layout and site safety 1, 24 and 11 
KD6 Reducing construction project costs 2, 15 and 35 
KD7 Reducing construction project duration 25, 7 and 24 
KD8 Cooperation of simultaneous access of construction works 15, 24 and 13 
KD9 Extracting cost estimation and quantity take off 4, 24 and 21 
KD10 Coordination and planning of construction works 2, 6 and 23 
KD11 BIM training 15, 24 and 5 
KD12 Improving quality and construction project performance 25 and 29 
KD13 Enhancing exchange of information and knowledge management 2, 26 and 19 
KD14 Development of legal frameworks for BIM 1, 2, 24 and 14 
KD15 Reduced risks of claims or litigations 26, 8 and 27 
KD16 Organisational senior management support 1, 24 and 20 
KD17 Improving facilities management i.e., operations and maintenance 24 and 18  
KD18 Earlier and precise 3D visualisation of designs 26 and 17 
KD19 Collaboration in designs, construction works and engineering management 24 5 and 15 
KD20 Boosting implementation of LC, and IPD 2, 24 and 14 
KD21 Elaborating BIM models for offsite prefabrication and shop drawings 29 and 17 
KD22 Four-dimensional (4D) construction scheduling and sequencing (3D + time) 3, 26 and 19 
KD23 Accuracy and reliability of documents and data 4, 27 and 9 
KD24 MEP simulation and analysis (HVAC) 1, 24, 5 and 21 
KD25 Ensuring effective communication among project participants 26, 18 and 37 
KD26 Structural analysis and design 24, 7 and 16 
KD27 Acoustic (sound) simulation and analysis 25, 8 and 22 
KD28 Five-dimensional (5D) cost estimation and scheduling (3D + time + cost) 27, 10 and 28 
KD29 Predicting, simulating, and analysing environmental conditions (airflow, weather) 4, 24, 12 and 33 
KD30 Establishing BIM and LC standards, codes, rules and regulations 27, 30 and 31 
 
Notes: 1= Abanda et al. (2015); 2= Akinade et al. (2018); 3= Alreshidi et al. (2016); 4=  Antwi-Afari (2018); 5= Azhar et 
al. (2014); 6= Bradley et al. (2016); 7= Bui et al. (2016); 8= Cao et al. (2015); 9= Carvajal-Arango et al. (2019); 10= Chan 
et al. (2019); 11= Chen et al. (2015); 12= Dave et al. (2013); 13= Ding et al. (2015) ; 14= Sacks et al. (2018); 15= 
Elhendawi et al. (2019); 16= Gbadamosi et al. (2019) ; 17= Ghaffarianhoseini et al. (2017); 18= Giel and Issa (2016); 19= 
Hamzeh et al. (2016); 20= Jin et al. (2017); 21= Liu et al. (2019); 22= Evans et al. (2020b); 23= Ma et al. (2018); 24= 
Olawumi and Chan (2018); 25= Olawumi and Chan (2019a); 26= Olawumi and Chan (2019b); 27= Olawumi et al. (2017); 
28= Olawumi et al. (2018); 29= Ozorhon and Karahan (2017); 30= Sacks et al. (2010); 31= Sacks et al. (2009); 32= Saieg 
et al. (2018); 33= Solaimani and Sedighi, (2020); 34= Tan et al. (2019); 35= Tsai et al. (2014); 36= Zahoor et al. (2017); 
37= Zhang et al. (2018) 
 
  
This research validates KDs to integrate LeanIPD&GID with industry experts, and then 
arranged barriers into clustered factors. Semi-structured face-to-face interviews via a 
video conference communications approach and focus group technique was adopted to 
validate barriers of integrating LeanIPD&GID with a heterogenous cluster consisting of 
nine construction experts from various disciplines in the AEC industry. Table 4 
illustrates categories of KDs to integrate LC principles and BIM tools towards LeanIPD 
on CMPs; these factors are categorised into five-FCs: FC1, attitude-related factors; FC2, 
technical-related factors; FC3, education and knowledge related factors; FC4, processes 
and regulations factors; and FC5, project objectives related factors.  
Table 4. FCs structure for KDs to integrate LeanIPD&GID on CMPs 
Code FCs structure for KDs to integrate LeanIPD&GID 
FC1 Attitude-related factors 
KD19 Collaboration in designs, construction works and engineering management 
KD25 Ensuring effective communication among project participants 
FC2 Technical-related factors 
KD3 Clash detection, integrating, coordinating, and validating designs 
KD4 Predictive analysis of performance (thermal, energy, i.e., CO2) 
KD5 Improving site layout and site safety 
KD8 Cooperation of simultaneous access of construction works 
KD9 Extracting cost estimation and quantity take-off 
KD10 Coordination and planning of construction works 
KD13 Enhancing exchange of information and knowledge management 
KD17 Improving facilities management i.e., operations and maintenance 
KD18 Earlier and precise 3D visualisation of designs 
KD21 Elaborating BIM models for offsite prefabrication and shop drawings 
KD22 Four-dimensional (4D) construction scheduling and sequencing (3D + time) 
KD23 Accuracy and reliability of documents and data 
KD24 MEP simulation and analysis (HVAC) 
KD26 Structural analysis and design 
KD27 Acoustic (sound) simulation and analysis 
KD28 Five-dimensional (5D) cost estimation and scheduling (3D + time + cost) 
KD29 Predicting, simulating, and analysing environmental conditions (airflow, weather) 
FC3 Education and knowledge related factors 
KD11 BIM training 
FC4 Processes and regulations factors 
KD1 Integrating project documentation/bid preparation 
KD2 Adequate cost allocation to BIM 
KD14 Development of legal frameworks for BIM 
KD15 Reduced risks of claims or litigations 
KD20 Boosting implementation of LC, and IPD 
KD30 Establishing BIM and LC standards, codes, rules and regulations 
FC5 Project objectives related factors 
KD6 Reducing construction project costs 
KD7 Reducing construction project duration 
KD12 Improving quality and construction project performance 
KD16 Organisational senior management support 
Notes: - FCs= factor cluster(s); KDs=key driver(s) 
 
  
3. Research methodology 
This research adopted ‘mixed research methodologies’ involving both descriptive and 
inferential statistics and adopts an applied approach to achieve its aim and objectives 
(Farrell, 2016). Quantitative and qualitative techniques were used for data collection 
and analysis. Data collection is a principal activity in the research process. Data were 
collected from different sources, using different methods to achieve the objectives. This 
is known as ‘triangulation’, which increased reliability and validity by verifying 
findings of data from one source with other sources. This strategy reduces the risk and 
bias associated with using specific methods (Fellows and Lui, 2015; Farrell, 2016; 
Bernard, 2000). Semi-structured face-to-face interviews and the focus group technique 
using video conference communications was adopted since it indicates a high degree of 
reliability, high level of item response rate, and gives opportunity to interviewers to 
explain complex questions and mitigate inappropriate responses (Farrell, 2016). Semi-
structured face-to-face interviews are discussions, usually one-on-one between 
interviewers and interviewees, meant to gather information on a specific set of topics, 
while focus groups are dynamic group discussions used to collect information (Harrell, 
and Bradley, 2009). This strategy reduces the risk and bias associated with using 
specific methods (Fellows and Lui, 2015; Farrell, 2016; Bernard, 2000).  
According to Farrell (2016) it is argued that the best studies comprise the analysis of 
both qualitative and quantitative data. The qualitative analysis may come first, speaking 
to people, teasing out issues and problems.  The quantitative analysis follows, using 
numerical data to test hypotheses. The researcher may then revert back to more 
qualitative data gathering to help in interpreting results and findings from the 
quantitative tests.  The review of the theory and the literature, at the early part of the 
study may be considered to be a qualitative analytical tool, although the review may 
also include some quantitative analysis.  Using both qualitative and quantitative 
approaches in a study can be called ‘mixed methods’ or ‘methodological triangulation’ 
(Clarke and Cresswell, 2008). A ‘mixed methods’ or ‘methodological triangulation’ has 
been adopted for this study. Objective or positivist research lies at one end, and seeks to 
establish facts about the world.  Subjective or interpretivist research lies at the other, 
and seeks to explain why things are as they are. The framework is illustrated in Figure 3 
and includes a common thread of research paradigms that suggested for this study 
(Farrell, 2016). To achieve the research goals, a two-stage research methodology is 
adopted. Stage1 is qualitative research and Stage 2 is quantitative. Figure 4 
demonstrates the research methodology stages. 
 
Figure 3. Philosophical framework for the study (Farrell, 2016) 
 
 
Figure 4. Research methodology 
 
Stage 1: Qualitative research
Step 1.1: Literature review
Step 1.2: Identify KDs to integrate LC, BIM, 
LeanBIM, IPD, LeanIPD, GID & FOW concepts
Step 1.3 External validation
(Focus group & semi-structured interviews)
Step 1.4:  § Propose conceptualisation, define, 
redefine BIM, LC, LeanBIM, IPD, LeanIPD and 
GID
§ FOW global initatives
§ Competency framework
Step 1.5: External validation of  concepts, FOW 
global initatives & competency framework
(Focus group technique & semi-structured 
interviews)
Stage 2: Quantitative research
Step 2.1: Survey design
Step 2.2: Pilot survey & identify participants
Step 2.3: Collect data
Step 2.4: Analysis, evaluation and 
discussion of results
3.1 Stage 1: Qualitative research methodology 
The qualitative research method comprises a five-step research methodology as 
suggested by Farrell (2016). Step 1.1 is a comprehensive literature review to define key 
parameters and criteria affecting KDs to integrate LC practices and IPD on CMPs 
working towards the FOW global initiatives in contemporary multinational AEC 
organisations. Step 1.2 identifies KDs to integrate BIM, LC, IPD, LeanBIM, LeanIPD, 
and LeanIPD&GID. Research identified 30 KDs to integrate LeanIPD&GID. Identified 
KDs were then categorised into five factors clusters (FCs) 1 to 5. These FCs are used to 
develop a questionnaire to quantify their relative importance. Step 1.3 is based on the 
critical review, and outcomes were piloted with eight industry expert practitioners and 
senior academic researchers through semi-structured face-to-face interviews and the 
focus group technique to validate determined KDs and CFs (Farrell, 2016; Taylor et al., 
2015; Harrell, and Bradley, 2009). The response from professionals highlighted a lack 
of systematic exploration of all parameters in the literature, and mixing concepts from 
production, quality, sustainability, and safety, and led to a repeat of steps 1.2 and 1.3 for 
multiple validations. In step 1.4, there was conceptualisation, definition, and 
redefinition of BIM, LC, IPD, LeanBIM, LeanIPD, and LeanIPD&GID, competency 
framework, and FOW global initiatives. Step 1.5 encompasses multiple validations of 
concepts and FOW global initiatives through semi-structured face-to-face interviews 
and the focus group technique. Concepts and FOW global initiatives were validated by 
ten professionals - six industry experts and four academic researchers - to qualify their 
relevance, correlation, logic, and importance to the construction industry, specifically to 
CMPs. FOW global initiatives encompass definition, benefits, and integration between 
business units, cultural difference. The experts selected for both semi-structured 
interviews and the focus group represented senior-level construction industry 
practitioners and academics based in Qatar. Experts were selected with more than 
fifteen years of experience of successful delivery of CMPs, the level of seniority in 
experience, proficiency in project delivery methods, software familiarity, experience 
with various forms of contracts, and knowledge of BIM, LC, and IPD. The participants 
have construction experience in many other countries, including, Qatar, Bahrain, 
Kuwait, Oman, KSA, Egypt, China, Germany, Spain, UK, Canada, and the USA. The 
participants have awareness of BIM, LC, and IPD. This indicated that their responses 
shape a suitable idea of the BIM, LC, IPD, LeanBIM, LeanIPD, and LeanIPD&GID 
adoption in CMPs and its limitations. 
3.2 Stage 2: Quantitative research methodology 
Stage 2 involves a four-step quantitative research methodology. Step 2.1 includes the 
design of a survey based on the literature review in Stage 1of the research (Step 1.1). 
Step 2.2 involves the pilot survey and identification of respondents. Step 2.3 is the 
collection of data. Step 2.4 comprises analysis, evaluation, and discussion of results. 
Data collection was based on the literature review and survey questionnaire. Firstly, the 
literature review used textbooks, academic and peer-reviewed journals, conference and 
seminar proceedings, dissertations and theses, organisations and government 
publications, to examine the nature of the construction industry, BIM, LC, IPD, 
LeanBIM, LeanIPD, and LeanIPD&GID. Secondly, results of a survey questionnaire 
conducted with a representative sample of professionals in CMPs were presented and 
analysed to investigate the perception of practitioners towards the challenges of the 
integration between BIM, LC and IPD towards GID transformative initiatives.  
A pilot study of the survey was tested to determine its effectiveness and problems. The 
literature review outcomes are piloted on five construction industry practitioners and 
three academics who specialised in construction management from Gulf Cooperation 
Council (GCC) countries during semi-structured face-to-face interviews, and via video 
conference communications (Farrell, 2016). Construction industry practitioners are 
asked to validate relevance of identified challenges and propose additional related 
parameters that were overseen. After going over the responses of the preliminary test 
and making changes, the questionnaire was ready for formal testing (Farrell, 2016). 
3.2.1 Survey design 
The questionnaire was arranged into two sections. The first section was used to collect 
professional data on participants such as areas of expertise, relevant experience, current 
position within their organisations and the size of projects that they are involved in. 
Additionally, the degree of awareness of BIM, LC and IPD practices (Tanner, 2018; 
Taylor et al., 2015). The second section reflected KDs in the integration between BIM, 
LC and IPD in CMPs that came from literature and the interviews (Malhotra and Dash 
2019). 
The 30 identified KDs to integrate LeanIPD&GID on CMPs were organised into five FCs 
(Farrell, 2016; Brown and Hauenstein, 2005; Fellows and Liu, 2015). Participants were 
asked to rate the factors on a 7-point Likert scale: 0 = very strongly disagree, 1 = 
strongly disagree, 2 = disagree, 3 = not sure or don’t know, 4 = agree, 5 = strongly 
agree and 6 = very strongly agree. Scores are developed on the Likert scale, developed 
by the American Psychologist Rensis Likert (1903-1981). The seven-point Likert scale 
has been shown to be more accurate, easier to use, and a better reflection of a 
respondent’s true evaluation. In light of all these advantages, even when compared to 
higher-order items, 7-point items appear to be the best solution for questionnaires such 
as those used in perception evaluations. Whether academic and industry practitioners 
are developing a new summative scale, a satisfaction survey, or a simple one-item post-
test evaluation item, accordingly, research adopted to use a 7-point rather than a 5-point 
scale (Farrell, 2016). 
Sample size is important to obtain representative results. The population of this study 
comprised construction experts that has experience in BIM, LC and IPD on CMPs. 
Cochran’s sample size formula for categorical data (Cochran, 2007) was employed to 
establish the sample size that is seeking the maximum possible responses within 
affordability. 
𝑛 =
(𝑡2) × (𝑝) × (𝑞)
(𝑑2)
  equation (1) 
 
where 𝑛 is the initial sample size estimate, 𝑡 is the confidence factor (1·96 for 
confidence level 0·95), 𝑝 is population proportion (0·5), 𝑞 is (1 − 𝑝) and d is the margin 
of error (0·1). Upon calculating equation 1 using the assumed data (𝑡 = 1·96, 𝑝 = 0·5, 𝑞 
= 0·5, 𝑑 = 0·1) a sample size of 96 was determined. 
The responses were obtained through an online questionnaire designed using ‘Google 
Forms’ and distributed using various tools i.e., email, LinkedIn, WhatsApp, and 
Microsoft Teams. To ensure compliance with ethical protocols, a note preceded the 
questionnaire to provide guidance on the aims and objectives of the research, the 
estimated duration to complete, to assure participants of their anonymity and 
confidentiality, and to advise that reply was not compulsory. A research ethics checklist 
was also used to ensure there was no breach of institutional codes. It was deemed there 
was no requirement to refer the data collection instrument for board approval, and 
informed consent was implied by participation. Requests were sent to 372 industry 
practitioners, and there were 226 (60.75%) replies from those with a variety of 
responsibilities such as owners, consultants, contractors and subcontractor 
organisations. Fellows and Liu (2015) indicate that ‘large number statistics require 𝑛 ≥ 
32; and a usable data set of 100 responses for factor analysis.’ Given that 226 responses 
were received, it is asserted that results from the sample can be used to make valid 
inference back to the population. The requests were sent to construction industry 
practitioners in CMPs in Qatar, GCC countries and the MENA region with good 
knowledge of LC practices, BIM tools and IPD (Farrell, 2016; Hasson et al., 2000; 
Grisham, 2009). 
3.2.2 Data analysis and statistical tools 
Structural equation modelling (SEM) applied in this research extending multivariant 
analysis methods and analysis of variance (ANOVA) (Williams et al., 2004). 
Descriptive and inferential statistical analysis methods were employed in analysing the 
data collected in the course of the study. These include:(1) Cronbach’s alpha (α) 
reliability test; (2) mean score ranking and standard deviation (SD); (3) inferential 
statistical tests such as ANOVA, post-hoc Tukey tests; correlation analysis; and (4) 
Principal component analysis (PCA) (Fellows and Liu, 2015; Field, 2018; Fang et al., 
2004; LeBreton and Senter, 2008). In order to accomplish the research objectives 
IBM® SPSS® Statistics (SPSS) version 27, IBM® Amos version 27, Microsoft® 
Excel, Microsoft® Word software were used. 
Reliability testing. The Cronbach’s α reliability test is mainly used to verify internal 
consistency or reliability of the construct of the questionnaire items under the adopted 
Likert scale of measurement. The range of the Cronbach’s α reliability coefficient is 
from 0 to 1; it implies that the larger the α-value, the better the reliability of the scale or 
the generated result (Cronbach, 1951; Nunnally and Bernstein, 1994; Hollander et al., 









2 )  equation (2) 
 
Where, 𝑛 is the number of variables, 𝜎𝑖
2 is the score variations on each variable, and 𝜎𝑋
2 
is the total variance of the overall score. 
Mean score ranking and standard deviation. The arithmetic mean is a measure of 
central tendency which indicates the average values of a set of figures, while SD is a 
quantitative measure of the distribution of value from the mean and is a measure of 
variability. A low SD indicates that the values are close to the mean, whereas a high SD 
implies the data points are spread out over a large range of values. For the mean 
ranking, if two or more factors have the same mean value, the SD values are used to 
rank them; the factor with the lower SD value is ranked higher, however, if they have 
the same mean and SD value, they will have the same rank (Hollander et al., 2014; 
Field, 2018). 
Analysis of variance test. The ANOVA is an inferential statistical tool used to determine 
whether any statistically significant differences exist between the means of two or more 
independent data groups. Parametric ANOVAs require normally distributed data points 
(Field, 2018). The post-hoc Tukey test is regarded as a posteriori test because it is only 
needed to confirm and reveal where the differences occurred between groups after an 
ANOVA analysis has identified the statistically significant different groups. PCA is 
discussed in full details in section 6.5. 
Percentage score analysis. A score on a 0-100-point scale. According to Farrell (2016) 
the percentage score for questions and individual participants supports ease of 
interpretation of results. On the seven-point scale of 0 (very strongly disagree) to 6 
(very strongly agree), very strongly disagree becomes 0% and very strongly agree 
becomes 100%. The intermediate points are 1 = approximately 16%, 2 = 33%, 3 = 50%, 
4= 67% and 5 = 84%. Similar principles are used in the multiple scoring scale (Farrell, 
2016). An overall low percentage score thus indicates disagreement, and high score 
indicates agreement. 
3.2.3 Summary of respondent demographics 
This section describes and analyses the questionnaire survey regarding the respondents’ 
demographics. The respondents are from 23 countries working under diverse 
organisational types. The majority of survey participants are from consultant 
organisations (97, 42.92%), with the remaining respondents from contractors (71, 
31.42%), clients (38, 16.81%) and academics (20, 8.85%).  The diversity of the 
respondent groups allows for the capture of differing views from different perspectives. 
Moreover, on average, respondents have more than fifteen years of working experience 
in construction industry. This justifies an assertion that the respondents not only have 
theoretical knowledge of operations in the AEC industry, but they have brought such 
knowledge into practice. Respondents were classified according to their career level: 
senior management (19, 7.96%), manager (56, 24.78%), senior level resident engineer 
or client consultant (96, 42.48%), mid-level engineering (34, 15.04%) and junior level 
engineering (22, 9.73%). 
Meanwhile, respondents were asked about their level of awareness of BIM concepts and 
processes; the findings revealed the level of knowledge of BIM as follows: - (1) experts 
(31, 13.72%); (2) very knowledgeable (36, 15.93%); (3) good knowledge (34, 19.03%); 
(4) some knowledge (77, 34.07%); (5) little knowledge (230, 10.18%); and (6) no 
knowledge (16, 7.08%). Figure 5 demonstrates awareness of BIM, knowledge of LC 
and knowledge of IPD. Respondents were asked about their level of awareness of LC 
practices; the findings revealed the level of knowledge of LC as follows: - (1) experts 
(17, 7.52%); (2) very knowledgeable (19, 8.41%); (3) good knowledge (22, 9.73%); (4) 
some knowledge (70, 30.97%); (5) little knowledge (56, 24.78%); and (6) no 
knowledge (42, 18.58%). Respondents were asked about their level of awareness of the 
IPD; the findings revealed that the level of knowledge of IPD as follows: - (1) expert 
(12, 5.31%); (2) very knowledgeable (14, 6.19%); (3) good knowledge (17, 7.52%); (4) 
some knowledge (32, 14.16%); (5) little knowledge (80, 35.40%); and (6) no 
knowledge (71, 31.42%). Results reflected that awareness of BIM in the MENA region 
is higher than LC, and LC awareness is higher than IPD knowledge.  Percentage score 
analysis conducted on respondents of survey and showed percentage score as follows: 
awareness of BIM = 53.89%, knowledge of LC = 38.21%, knowledge of IPD = 28.11% 
and an average percentage score = 40.07%. these results indicate that the awareness of 
BIM is above average while knowledge of both LC and IPD still below average. 
 
Figure 5. Awareness of BIM, knowledge of LC, and knowledge of IPD  
Respondents were also asked about the extent of implementation and integration of 
BIM, LC, LeanBIM, IPD, and LeanIPD in their largest current project(s). Results 
reflected that BIM adoption in the MENA region is higher than LC, while LC is still 













BIM 31 36 43 77 23 16
LC 17 19 22 70 56 42
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also revealed that LeanBIM is slightly integrated, while LeanIPD integration is almost 
not present. Figure 6 illustrates extent of implementation/integration of BIM, LC, IPD, 
LeanBIM, and LeanIPD on respondent’s current project(s). Percentage score analysis 
conducted on respondents of survey and showed percentage score as follows: (1) extent 
of BIM implementation = 65.49%, (2) extent of LC implementation = 51.11%, (3) 
extent of LeanBIM integration =41.37% , (4), extent of IPD implementation = 28.98%, 
and (5) extent of LeanIPD integration= 22.68%, while average percentage score = 
41.92% these results indicate that extent of implementation of BIM and LC above 






Figure 6. Extent of implementation/integration of BIM, LC, IPD, LeanBIM, and 
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(4) 61%-80% (3) 41%-60% (2) 21%-40% (1) < 20%
BIM 72 63 44 27 20
LC 53 47 36 37 53
LeanBIM 41 30 39 42 74
IPD 17 23 34 57 95
LeanIPD 11 16 23 67 109
Extent of implementation/integration of 
BIM, LC, LeanBIM, IPD, LeanIPD on 






Respondents were classified according to the scale of their largest current project(s) to: 
(1) megaproject(s) (> 1billion USD) (184, 81.42%), (2) large-scale project(s) (>500 
million to 1 billion) (23, 10.18%), (3) medium-scale project(s) (>100 M to 500 M) (10, 
4.42%), (4) small-scale project(s) (>50 M to 100 M) (4, 1.17%), and (5) research or 
project(s) < 50 M (5, 2.21%). The survey participants have considerable professional 
experience in construction industry with (64) 28.32% of the respondents having more 
than twenty years working experience, the next (45) 19.91% of the respondents have 
between sixteen to twenty years working experience, (57) 25.22% of the respondents 
have between eleven to fifteen years of experience, the next (46) 20.35% of the 
respondents have five to ten years of experience, and (14) 6.19% of the respondents 
(15) have less than 5 years of experience. Respondents were classified according to the 
type of the largest current project to: (1) infrastructure (100, 44.25%), (2) metro/light 
rail transit (LRT) (94, 41.59%), (3) building (23, 10.18%), (4) industrial (3, 1.33%), and 
other types of projects (6, 2.65%). Respondents were classified according to the type of 
contract or procurement on their largest current project(s) to: (1) lump sum contracts 
(25, 11.06%), (2) measurement contracts (3, 1.33%), (3) cost reimbursed contracts (3, 
1.33%), (4) design and build (DB) procurement (188, 83.19%), and other types of 
contracts (7, 3.10%). 
The lead researcher consulted with industry professionals via semi-structured face-to-
face interviews using video conference communications in the MENA region about 
GID implementation. Research concluded that some international AEC organisations 
working on megaprojects are implementing GID through coordination with different 
branches to create BIM models and architectural, structural and MEP designs, and 
taking advantages of cost savings and improve project financials combining scalable 
costs and time zone benefits. International AEC organisations are taking advantage of 
carrying out designs in various branches in the MENA to distribute work and financial 
advantages. Also, international AEC organisations try to take advantages of cost 
benefits and time zone benefits in branches in Australia, India, the Philippines and GCC 
regions. For a decade, some giant local AEC organisations have started to create 
branches overseas for mainly AutoCAD® drafting and later BIM production in the 
Philippines and Egypt, and some extended locations in the GCC to attain cost savings. 
Research also revealed that attempts to take advantages of GID are still at their start, 
and focus on cost saving in BIM and production only, but do not yet reach 
implementation, nor integration between the three principles of BIM, LC, IPD, 
LeanBIM, LeanIPD and LeanIPD&GID. 
4. Competency framework 
The competency framework is a collection of competencies needed for effective job 
performance in contemporary multinational engineering organisations. The proposed 
framework provides guidelines of ‘how’ an organisation could translate its vision, 
mission and values into action to sustain competitive advantage of the business in such 
a dynamic built environment. While there are many qualities that make up a strong and 
effective individual, the competency framework is deemed to be the most essential 
characteristic of every professional employee affiliated with an organisation. The 
competency framework consists of twelve (12) organisations behaviours divided into 
two sets of behaviours core and leadership. Core behaviours apply to every employee in 
an organisation, while leadership behaviours apply to leaders at the organisations. 
Figure 7 illustrates core and leadership behaviours. Table 5 illustrates the proposed 
competency framework. 
 













































































































































Table 5. Competency framework 

















• Ask questions to identify 
customer needs accurately 
• Prioritise work based on 
customer requests 
• Follow-up with customers to 
ensure problems are solved 
• Benchmark customer feedback 
and satisfaction and provide 
innovative ideas to meet their 
future needs 
• Address gaps in the workgroup’s 
ability to meet emerging customer 
needs 
• Align business processes to 
customers specific needs 


















• Learn about KDs of the 
organisation’s business 
• Show interest in industry 
developments and trends 
• Understand how changes in the 
marketplace affect business 
• Use knowledge about business 
and industry to guide decisions 
and own works 
• Educate others on fundamentals of 
the business and industry 
• Apply insights of the industry and 
trends to drive critical initiatives 
• Use business knowledge and insights 
to guide the decisions and work of 
the organisation 
• Know the right responses to changing 
















 Hold self and others 
accountable to meet 
commitments 
• Communicate the status and 
completion of assignments.  
• Take responsibility for own 
actions.  
• Take responsibility for successes 
and failures in own work. 
• Follow through on commitments 
• Communicate the status and 
completion of assignments.  
• Take responsibility for own actions 
• Take responsibility for successes and 
failures in own work 





















and demeanours in 
real time to match 
shifting demands of 
different situations 
• Demonstrate flexibility of 
responses to different situations 
• Recognise cues that suggest 
changes in approaches or 
behaviours needed 
• Adapt to changing needs, 
conditions, priorities, or 
opportunities 
• Monitor how well approaches are 
working, and continuously 
improve them 
• Adapt priorities and shifts in 
response to the needs of clients or 
organisations 
• Adapt leadership style in responses to 
a broad range of different situations 
and challenges 
• Bring an approach to flexibility that 
becomes ingrained in the 
organisation’s structures, systems, 
and culture 
• Guide the organisation to remain 
flexible in a changing, competitive 


















 Develop and deliver 
multimode 
communications that 
convey a clear 
understanding of 
unique needs of 
different audiences 
• Listen attentively to others’ 
insights, advices, and instructions 
• Clear, concise, and professional 
in communication 
• Share information and updates 
with others as needed 
• Prepare clear and thorough 
reports, documentation, and other 
written information 
• Adjust communication contents and 
styles to audiences and diverse sets 
of stakeholders 
• Practice active and attentive listening 
skills to verify understanding 
• Create opportunities for constructive 
dialogues within organisation 
• Communicate effectively to a wide 














Adopt focus on 
diversity and 
inclusion 
• Behave with sensitivity toward 
differences in cultural norms, 
expectations, and ways of 
communicating 
• Challenge stereotyping or 
offensive comments 
• Seek out diverse perspectives 
and talents of others 
• Work effectively with others 
who have different perspectives, 
backgrounds, or styles  
• Create an environment in which 
differences are openly shared, 
embraced, and incorporated into the 
team’s activities 
• Sponsor and mentor people from a 
variety of backgrounds and 
perspectives 
• Adopt a culture that encourages and 
supports diversity and inclusion 
• Apply understanding of cultural 













See ahead to future 
possibilities and 




 • Clarify organisation’s vision and 
strategy, and ensure that efforts are 
prioritised to support them 
• Think beyond the day-to-day, taking 
a long-term, big-picture view of 
business 
• Explore future scenarios and 
possibilities to help the organisation 
respond to changes and shape the 
future 
• Develop and integrate organisational 
















Build strong identity 
teams that apply their 




 • Communicate clear goals and roles to 
team members 
• Ensure that teams have the right mix 
of skills and leverage the strengths of 
individual members 
• Build cohesive leadership teams that 
drives the goals and successes of 
organisation 
• Model teamwork by working 
effectively with other leaders 











Address needs for 
leaders to create an 
environment of 
resiliency in fast-
paced and complex 
operating 
environments  
 • Remain objective and calm when 
faced with adversities 
• Manage crises and volatile situations 
effectively 
• Show persistence in the face of 
adversity or obstacles, and encourage 
others to do the same 
• Display stability and resilience in the 
face of crisis to enable the 








Step-up to address 
difficult issues (say 
what needs to be 
said) 
 • Confront tough organisational issues 
and disagreements 
• Deliver difficult messages directly 
• Confront actions that are inconsistent 
with the organisation’s core values 
• Lead the organisation through high-

















 Create new and 
better ways for 
organisation to be 
successful 
 • Encourage others to address 
challenges in new and better ways 
• Create a culture that nurtures and 
rewards creativity and innovation. 
• Remove organisational barriers to 
creativity and innovation.  
• Challenge barriers to generate and 


















 Paint compelling 
pictures of a vision 
and strategies that 
motivates others to 
action 
 • Build energy and optimism in others 
to benefit the organisation’s vision 
• Communicate the vision of the 
organisation in ways others can relate 
to 
• Ensure that others understand how 
their efforts and contributions make 
positive differences 
• Ensure clarity around the 
organisation’s vision, mission, and 
values. 
 
5. Proposed future of work global initiatives 
This section discusses FOW global initiatives; it is considered a continuation and 
progression of several research projects by Evans et al. (2021b) and Evans et al., 
(2021a). It conceptualises, defines and redefines concepts adopted in the research of 
BIM, LC, IPD, GID, LeanBIM, LeanIPD, and LeanIPD&GID. FOW global initiatives 
is illustrated in Figure 8 and Figure 9. 
5.1 BIM, LC, IPD, GID, LeanBIM, LeanIPD and LeanIPD&GID concepts 
BIM, LC and IPD and GID concepts are redefined in the literature review section; the 
following are conceptualisation of LeanBIM, LeanIPD and LeanIPD&GID 
transformative initiatives: - LeanBIM. BIM and LC approaches have been introduced as 
two distinctive but integral initiatives (Sacks et al., 2010; Sacks et al., 2009). 
Developing modern standards for implementation of BIM is required (Olawumi and 
Chan, 2018), while full integration between BIM and LC, so-called ‘LeanBIM,’ is 
necessary to achieve optimal LeanBIM synergies (Evans et al., 2021c). LeanIPD. IPD is 
uniquely suited to put these principles into practice, because it solves contractual issues 
that prevent true collaboration and sharing of ideas, materials, and manpower. One of 
the cardinal principles of LC is that when a single step is optimised in a process, it de-
optimises the whole. Unfortunately, traditional construction contracts divide all entities 
on projects into separate camps with each party intent on optimising its own part, thus 
de-optimising the whole. Cost and profit-sharing approaches eliminate traditional 
contract barriers and incentivises team members to act unselfishly and make ‘project’ 
decisions rather than ‘trade’ decisions. Utilising the principles of LC and IPD processes 
offers two main advantages over the traditional design-bid and design-build processes; 
that is reduced waste and increased reliability of planning. LeanIPD&GID. Projects, 
including CMPs, exist and operate in environments that may have an influence on them. 
GID redefines what is possible by connecting and collaborating global delivery units or 
teams; as it allows teams to grow and achieve opportunities worldwide. GID encourages 
inventive thinking, exploration, and bringing innovative ideas and sustainable solutions 
to clients and owners of CMPs, that leads to profitable growth and shared success with 
AEC organisations. LeanIPD is a project delivery approach that integrates people, 
systems, business structures and practices into a process that collaboratively harnesses 
talents and insights of all participants; this includes integration of BIM, LC, as 
LeanBIM, and integrating LeanBIM with IPD as LeanIPD working towards 
LeanIPD&GID transformative initiatives. 
5.2 Future of work global initiatives 
As the AEC industry continues its journey of transformation and growth, during the 
COVID-19 pandemic, there is a reflection point to innovate and create new ways of 
working. There are significant changes for enhancements of employees’ experience, 
prioritising their professional development, wellbeing, and benefits. During COVID-19, 
many organisations have made substantial changes to how people live and work. But 
before that, experts understood the importance of technological advancements and 
globalisation and impacts regarding evolution in working systems. The future of work 
global initiatives is transforming the behaviours, technologies and physical and virtual 
spaces as workplaces that influence working methods, creating modern, flexible work 
platforms tailored to people’s unique needs. To attract and retain world-class talent, the 
AEC industry must provide flexibility: this includes a choice-based, work-anywhere 
approach in addition to dynamic work environments that encourage and enable 
collaboration and connection. The FOW rests on a foundation of three elements – 
Culture, Place and Tools. Each of these elements is vital to creating effective work 
environments: - (1) Culture of caring and inclusion is a foundation, organisation can 
celebrate the differences that drive collective strength. There is no limit to who you can 
be and what we can achieve, (2) Place determines identity, imbues culture, and connects 
people. The future of work is people-centric and requires places that prioritise work 
activities that are group focused, and (3) Tools workstream is dedicated to exploring 
and defining the digital infrastructure to allow us to create, capture, track and deliver 
solutions across our markets and lines of business to support an increasingly distributed 










Figure 8. FOW strategies elements of culture, places and tools 
People-centric work platforms fully embrace the culture of inclusivity by giving people 
flexibility to choose how and where they want to work based on their needs, teams, and 
clients. Traditional offices were ‘invented’ to solve a problem: organisations needed to 
host several people in one place to enable both easy communication and access to 
documents and other information. Today, technology effectively addresses most of 
those needs, so it is time for the purpose and function of offices to evolve along with 
that. Adopting a combination of physical hardware and new interactive virtual platforms 
will allow people to engage across organisations as never before and enhance the entire 




























colleagues and clients while helping all to be more productive. This also reinforces the 
need to effectively store and share knowledge across enterprises. Figure 9 represents 
employee ‘work modes; distributed by location and ‘the destinations’ where it is a 
physical and virtual way to work (Evans et al., 2021b). 
 
Figure 9. The ‘destinations’ and ‘work modes’ distributed by locations (Evans et al., 
2021b) 
In the past people were often dedicated to individual workstations; while post-COVID-
19 thinking shifts the use of space to support groups and teams at a variety of 
workstations that will be technology enabled. This transformation journey will take 
several years as the AEC industry progresses from traditional systems to FOW systems 
and procedures. To achieve the aim of the research; the lead researcher consulted with 
various teams working in the AEC industry such as architects, planners, information 
technology (IT) specialists, focus groups across lines of businesses and corporate 
functions. FOW concept divides the type of work in AEC organisations into five ‘work 
modes’ ranges from active to focused. The five ‘work modes’ are structured as follows: 
- (1) Learning/mentoring. Group or one-on-one interactions, where employee training or 
learning takes place. (2) Group/team. Meeting place for group work, idea sharing and 
presentations. (3) Social interaction. Acts as a hub for both employees and surrounding 
community fostering social connections. (4) Decompress. Where an employee can 
unplug, unwind, and seek respite from work, and (5) Focused. Typically, individual, 
heads down tasks, where independent and deep work occurs. 
FOW concept designated some key office ‘destinations’ associated with the five ‘work 
modes’ – the porch, the park, the classroom, the lab, and the library. The porch is a 
welcoming, inviting, and safe landing point. The park is a place where you connect and 
socialise. The classroom is for teaching, learning, mentoring, and connecting. The lab is 
a place for innovation, collaboration, and ideation. While the library is for heads down, 
and individual work. The destinations are a range of settings and choice-based 
environments, while ‘work modes’ no longer need to be tied to a physical place and 
space type. The ‘destinations’ are places that are furnished with appropriate furniture to 
accommodate different ‘work modes,’ such as power and Wi-Fi connectivity. There 
should be storytelling and brand integration in each space, and modular components for 
flexibility, speed, and sustainability. Acoustic and absorptive materials should be used, 
and other materials and products that support sustainability goals. Tools are required to 
connect people virtually as well as physically to collaborate, innovate, learn and engage. 
Tools will serve people and places, such as upon entering ‘the porch’ a contactless 
touch identification allows users to enter the space without human contact. ‘The park’ 
could be equipped with virtual reality (VR) capabilities, broadcasts large gathering such 
as ‘town hall meetings.’ Whereas ‘the lab’ will be equipped with tools that allow BIM, 
3D design, full-scale virtual modelling supports real time drawing, sharing, design and 
manufacturing, and computer programming and coding for robotic construction arms. 
Furniture will offer a range of setting and choice-base environment. A conceptual floor 
plan for focus work such as ‘the library’ may be furnished with a combination of 
community tables with monitors incorporated, semi-open booths with monitors, mobile 
tables with monitors and task chairs, hight adjustable desks and task chairs and 
individual focus desks. Collaborative workspace floor plans may be furnished with a 
combination of communal tables with benches and chairs, semi-open 4 persons railway 
carriage booths, enclosed co-creations, full enclosed 1-2 person pods, semi-open 3-4 
person technology enabled, movable touch screen monitors, and banquette seating. The 
comfort of employees is essential so specific considerations to office location is 
important, such as accessibility, gym/shower facilities, proximity to clients, outdoor 
space, cafes, restaurants, gender neutral washrooms, lounges, parking and proximity to 
+15 walkway network (pedestrian skywalk systems, the system is so named because the 
skywalks are approximately 15 feet (approximately 4.5 metres) above street level). 
5.3 Post-COVID-19 and construction industry 
The COVID-19 pandemic has severely impacted the construction and other industries, 
and the impact has been tangible and in some cases devastating. Businesses have lost 
work due to the pandemic, from contractors having jobs cancelled to original equipment 
manufacturer (OEMs) seeing a drop in equipment sales. It has also changed the way that 
construction sites operate. At its most basic level, social distancing is being employed, 
and the tracking of staff – both ensuring that they really need to be on-site in the first 
place and are keeping social distancing – has never been more critical. Building off-site, 
such as modular construction, and the use of technology to perform tasks remotely have 
also increased. COVID-19 has triggered unprecedented challenges and accelerated 
changes for the construction industry, including a widespread shift to remote working 
and the need for spatial distancing and tracking of movements for critical workers on-
site. COVID-19 has acted as a ‘force accelerator’ for adopting new technologies such as 
adoption of Matterport camera scanning for site progress reviews. Driven by the need to 
keep projects on track and limit access to site and exposure to risk, project teams use 
this camera technology for walking through spaces on Google Earth, for example, to 
record and host online building tours. 
The COVID-19 pandemic has also served as a catalyst for enduring and widespread 
adoption of digital technologies, resulting in a transformation in integrated project 
delivery. It has leveraged digital technologies and remote working tools to maintain 
business continuity with the majority of people working from home. There has been 
extended use of video streaming, augmented reality, drone and sensor deployment to 
perform site assessments, inspections, assist in equipment maintenance and plant 
operation and collaborate deeply with clients while connecting experts globally to 
provide solutions in real-time. Another example of contractors adopting new 
technologies is a mobile phone application to improve the health and safety of 
employees across construction sites. The application uses Bluetooth technology to alert 
users when they come within two metres of another device, helping the workforce to 
adhere to COVID-19 social distancing measures on-site. Additionally, the application 
gathers data to help identify potential activities which require closer working, allowing 
operations to be planned in advance to either remove or mitigate this risk in line within 
place COVID-19 site operating procedures. 
Even when the pandemic is over, some things will remain forever altered. One of these 
will be the increased adoption of new technologies, but another is that home working 
will surely not completely disappear. Wherever possible, employees have increasingly 
been working from the home office. Even though home working will become more 
common for many – and may lead to a decrease in office space construction – workers 
will return to office buildings in cities around the world to some extent. It may be those 
future office buildings – and others, such as sporting venues and transport hubs – are 
built with different requirements than provided before COVID-19. Building designs will 
increase the employment of airPHX (‘air fix’) non-thermal, plasma technologies 
throughout to help reduce cross-contamination risks and provide employees with 
cleaner air and work surfaces. This airPHX technology is currently used in hospitals and 
dental clinics and shows reductions of viruses, bacteria, and mould. Principal structural 
changes will be implemented, including the installation of toe-to-go (T2G) foot-
activated elevator systems, which utilises foot-activated call buttons for a hands-free 
elevator experience, reducing the spread of germs. As we continue to adapt to ongoing 
challenges brought on by the pandemic and changes in how we work; this should 
increase data centre demands and retrofits of existing spaces. The COVID-19 pandemic 
impacts on mass gatherings; therefore, many facilities may also be re-imagined 
providing better operability with enhanced social distancing, and it may be expected 
design standards will change and adapt in future to reflect the impact of COVID-19. 
Changes to building designs need to reflect different working and living arrangements. 
Home and distance working, for example, is sensible and should be something that 
continues beyond COVID-19. It has many benefits, including reduced downtime, better 
life balance, reduced transport, and CO2 emissions. Business is experiencing extreme 
changes in circumstances, and whilst an agile approach to work – a balance between 
office, home and site is the future, building designs will need to adapt to reflect different 
needs now.  
6. Research analysis, findings and discussion of results 
The research adopted SEM and series of descriptive and inferential statistics procedures 
to analyse the dataset composed from the ‘survey’, followed by factor analysis. This 
section discusses the results of the data collected via the questionnaire surveys and the 
findings of the statistical tools employed in the study. 
6.1 Reliability testing 
‘Cronbach’s α’ reliability test was engaged in assessing the questionnaire tools and 
scale reliability to confirm that it gauges the accurate hypothesis and assesses its 
internal consistency. The value of α ranges from 0 to 1, while Nunnally and Bernstein 
(1994) recommended a minimum Cronbach’s α value of 0.70. The Cronbach’s α value 
for the survey was 0.963, which is considerably higher than Nunnally and Bernstein 
(1994) recommended onset value of 0.70. 
6.2 Structural equation modelling 
Structural equation modelling (SEM) applied in this research extending multivariant 
analysis methods, and including regression, factor analysis, correlation, and ANOVA. 
Figure 10 shows structural equation model depicting relationships between KDs as 




Figure 10. SEM depicting relationships between KDs and respondent’s organisational 
setup 
6.3 Descriptive statistical and percentage score analysis  
Percentage scores are indicated on a 0-100-point scale. The percentage score for 
questions and individual participants are calculated. KD19 has the most significant 
percentage score; it has an overall mean score of 5.11 [equivalent to 85.18%], given a 
range of 0 to 6. The percentage score values of ‘all respondents’ was calculated for all 
KDs and included in Table 6; it ranges from [57.67%, KD27] to [85.18%, KD19]. The 
most significant KD resulting from percentage score analysis matches the outcomes of 
ranking the means used earlier. 
Mean scores was used as a basis of ranking the thirty KDs and if two or more elements 
had an identical mean score μ, the SD is employed in the ranking. Descriptive analysis 
of ‘variance’ was also considered. Mean score, μ, values of the survey for the thirty 
LeanIPD&GID KDs indicated in Table 3 and categorised in FCs in Table 4. For the 30 
KDs identified, the overall mean values range from M = 5.34 (SD = 1.05). Mean scores 
for the thirty (30) identified LeanIPD&GID KDs in the survey ranges by ‘all 
respondents’ from [μ19 = 6.11, σ19 = 0.390, and σ
2
19 = 0.626] for ‘KD19: collaboration 
in design, construction works and engineering management’ to [μ27 = 4.46, σ27 = 1.744, 
and σ227= 1.324] for ‘KD27: acoustic (sound) simulation and analysis.’ However, the 
factor rated by respondents from contractors as the first most significant factor was 
‘KD10: coordination and planning of construction work.’ The results from the various 
organisations show that respondents from consultants, contractors, clients, and 
academics, perceived the impact of ‘KD19: collaboration in design, construction works 
and engineering management’ is the most significant KD. However, the findings reveal 
there is still considered to be a lack of mandatory BIM and LC industry standards and 
regulations by governments, consultants, clients, and academics. Contractors, clients 
and academics regard ‘KD27: acoustic (sound) simulation and analysis’ as the least 
important factor, while consultants considered ‘KD26: Structural analysis and design 
the least important factor. These findings are because workload and market readiness in 
most construction projects are passed across to the contractors by both the clients and 
consultants. Hence, these factors have little impact on their business interests. Table 7 
provides intergroup comparison for all KDs. 
Table 7. KDs to integrate LeanIPD&GID on CMPs: inter-group comparison 
LeanIPD&
GID KDs 
Consultants Contractors Clients Academics Overall 
𝑭 𝑺𝒊𝒈. 




KD1 4.82 24 5.38 24 4.92 24 5.30 22 5.06 1.096 66.70% 24 4.206 0.006 
KD2 4.78 26 5.32 26 4.74 26 4.95 26 4.96 1.097 66.00% 26 4.134 0.007 
KD3 5.31 13 5.76 11 5.42 12 5.35 19 5.47 1.067 74.56% 13 2.654 0.049 
KD4 4.87 21 5.41 20 5.00 21 5.35 19 5.10 1.117 68.36% 21 3.797 0.011 
KD5 5.55 9 5.75 12 5.47 9 5.60 10 5.60 1.007 76.70% 9 0.789 0.501 
KD6 5.29 14 5.66 14 5.37 13 5.25 23 5.42 1.064 73.60% 14 1.938 0.124 
KD7 5.11 15 5.56 15 5.26 15 5.40 13 5.31 1.103 71.76% 15 2.383 0.070 
KD8 5.62 8 5.85 7 5.58 7 5.65 7 5.69 0.958 78.10% 8 0.979 0.403 
KD9 5.04 17 5.49 17 5.18 17 5.35 19 5.23 1.156 70.58% 17 2.213 0.087 
KD10 6.03 2 6.08 1 5.89 2 5.90 4 6.01 0.757 83.55% 2 0.684 0.563 
KD11 4.56 29 5.06 28 4.53 29 4.35 28 4.69 1.233 61.50% 28 3.293 0.021 
KD12 5.42 11 5.77 10 5.45 10 5.65 7 5.56 1.045 75.96% 11 1.771 0.154 
KD13 5.39 12 5.79 9 5.32 14 5.55 11 5.52 1.059 75.29% 12 2.523 0.059 
KD14 4.71 27 5.32 26 4.61 27 4.85 27 4.90 1.117 64.97% 27 5.545 0.001 
KD15 4.80 25 5.35 25 4.79 25 5.10 25 5.00 1.091 66.67% 25 4.205 0.006 
KD16 5.91 3 6.03 3 5.82 3 5.85 5 5.92 0.832 82.08% 3 0.648 0.585 
KD17 4.91 19 5.42 19 5.05 19 5.40 13 5.14 1.125 68.95% 19 3.416 0.018 
KD18 5.75 6 5.93 5 5.66 6 5.95 2 5.81 0.959 80.16% 5 0.944 0.420 
KD19 6.15 1 6.04 2 6.11 1 6.15 1 6.11 0.626 85.18% 1 0.466 0.706 
KD20 5.81 4 6.03 3 5.79 4 5.95 2 5.89 0.870 81.49% 4 1.043 0.375 
KD21 5.77 5 5.80 8 5.58 7 5.50 12 5.73 1.043 78.76% 7 0.756 0.520 
KD22 4.99 18 5.48 18 5.21 16 5.40 13 5.22 1.136 70.28% 18 2.791 0.041 
KD23 5.10 16 5.52 16 5.13 18 5.40 13 5.27 1.132 71.09% 16 2.179 0.091 
KD24 4.87 21 5.41 20 4.95 22 5.40 13 5.10 1.123 68.29% 22 4.056 0.008 
KD25 5.49 10 5.75 12 5.45 10 5.70 6 5.58 1.017 76.40% 10 1.170 0.322 
KD26 4.44 30 4.94 29 4.58 28 4.30 29 4.61 1.275 60.18% 29 2.631 0.051 
KD27 4.60 28 4.59 30 4.11 30 4.00 30 4.46 1.324 57.67% 30 2.341 0.074 
KD28 4.89 20 5.39 23 5.05 19 5.25 23 5.11 1.098 68.44% 20 3.154 0.026 
KD29 4.87 21 5.41 20 4.95 22 5.40 13 5.10 1.123 68.29% 23 4.056 0.008 
KD30 5.75 6 5.90 6 5.71 5 5.65 7 5.78 0.939 79.72% 6 0.616 0.605 
Average percentage scoring = 72.42%    
Note: 





6.4 Inferential statistical tests based on organisational setup 
In order to further investigate the differences in the perception of respondents 
(consultants, contractors, client and, academics), an ANOVA was employed to analyse 
the 30 identified factors. Siegel and Castellan (1988) recommended that a post hoc 
Tukey’s test to be conducted on factors that are significant at 𝑝 < 0.05. 
The ANOVA analysis conducted on the results at significance level (𝑝) < 5% showed 
some significant agreement in the opinions of respondents from diverse organisational 
set-ups on all factors such as ‘KD29: predicting, simulating and analysing 
environmental conditions (airflow, weather)’  [KD (29, 225) = 4.056  𝑝 = 0.008]; 
‘KD15: reduced risk of claims or litigation’ [KD (15, 225) = 4.205 𝑝 = 0.006]; ‘KD3: 
clash detection, integrating, coordinating and validating design’ [KD (3, 225) = 2.654 𝑝 
= 0.049]; ‘KD2: adequate cost allocation to BIM’ [KD (2, 225) = 4.134 𝑝 = 0.007]; 
‘KD1: integrating project documentation/bid preparation’ [KD (1, 225) = 4.206 𝑝 = 
0.006] among others . Table 8 summaries significant LeanIPD&GID KDs ranked in 
descending order. Moreover, based on the post hoc Tukey test evaluation of significant 
factors, thirteen factors were found to be more important (𝑝 > 0.05). These include 
‘KD20: boosting implementation of LC and IPD’ with a moderate significance (𝑝 = 





Table 8: Summary of the significant LeanIPD&GID KDs ranked in descending order 
Code LeanIPD&GID KDs Ranking 
KD19 Collaboration in design, construction works and engineering management 1 
DK10 Coordination and planning of construction work 2 
KD16 Senior organisational management support 3 
KD20 Boosting implementation of LC, and IPD 4 
KD18 Earlier and precise 3D visualisation of designs 5 
KD30 Establishing BIM and LC standards, codes, rules and regulations 6 
KD21 Elaborating BIM models for offsite prefabrication and shop drawings 7 
KD8 Cooperation of simultaneous access of construction work 8 
KD5 Improving site layout and site safety 9 
KD25 Ensuring effective communication among project participants 10 
KD12 Improving quality and construction project performance 11 
KD13 Enhancing exchange of information and knowledge management 12 
KD3 Clash detection, integrating, coordinating and validating design 13 
KD6 Reducing construction project cost 14 
KD7 Reducing construction project duration 15 
KD23 Accuracy and reliability of documents and data 16 
KD9 Extracting cost estimation and quantity take-off 17 
KD22 Four-dimensional (4D) construction scheduling and sequencing (3D + time) 18 
KD17 Improving facilities management i.e., operations and maintenance 19 
KD28 Five-dimensional (5D) cost estimation and scheduling (3D + time + cost) 20 
KD4 Predictive analysis of performance (thermal, energy, i.e., CO2) 21 
KD24 MEP simulation and analysis (HVAC) 22 
KD29 Predicting, simulating and analysing environmental conditions (airflow, weather) 23 
KD1 Integrating project documentation/bid preparation 24 
KD15 Reduced risk of claims or litigation 25 
KD2 Adequate cost allocation to BIM 26 
KD14 Development of a legal framework for BIM 27 
KD11 BIM training 28 
KD26 Structural analysis and design 29 





6.5 Principal component analysis; classification of the KDs 
The study adopted PCA to reduce a large number of the KDs to a relatively set of 
variables by investigating the interrelationships between the variables (Hair et al., 
2010). There are two types of analysis, PCA and Promax rotation method (Thompson, 
2004); the PCA was used in this study. According to Field (2018) PCA is a statistical 
technique used to identify the underlying clustered factors that defines relationships 
amongst sets of interrelated variables; and can be used to interpret ‘nonrelated clusters’ 
of factors (Fang et al., 2004), and explain complex concepts (Thompson, 2004). 
Meanwhile, before subjecting the 30 KDs to PCA, a Pearson correlation analysis was 
conducted as recommended by Field (2018) and Hair et al. (2010), who noted that the 
statistical method helps to eliminate the existence of any multiplier effects among the 
variables. Hence, the correlations of these factors were assessed, and 30 KDs which are 
not highly correlated with each other are used in subsequent analysis. 
The PCA was conducted using varimax rotation method (an orthogonal rotation 
method) on the thirty non-correlated barriers factors from a sample of 226 responses. 
The results of the PCA are shown in Table 9, while the column ‘factor loading’ 
illustrates the total variance explained by each factor. Field (2018) recommended that 
the sample size must be considered sufficient in the ratio of 1:5 (number of variables: 
sample size) which the current study fulfilled. That is, 30 KDs multiplied by five 
samples required for each factor = at least 150 samples needed to proceed with the 
factor analysis. Kaiser–Meyer–Olkin (KMO) tests for sampling adequacy and Bartlett’s 
test of sphericity (BTS) was used to examine the appropriateness of PCA for factor 
extraction (Field, 2018, Fang et al., 2004). 
  
Table 9: FCs structure of the varimax rotation LeanIPD&GID KDs 














FC1 Attitude-related factors 5.01  15.131 50.436 50.346 
KD19 




   
KD25 




   
FC2 Technical-related factors 4.55  5.432 18.107 68.543 
KD3 




   
KD4 




   
KD5 Improving site layout and site safety  0.769    
KD8 Cooperation of simultaneous access of construction work  0.836    
KD9 Extracting cost estimation and quantity take off  0.887    
KD10 Coordination and planning of construction work  0.508    
KD13 




   
KD17 




   
KD18 Earlier and precise 3D visualisation of designs  0.786    
KD21 




   
KD22 
Four-dimensional (4D) construction scheduling and 
sequencing (3D + time) 
 
0.886 
   
KD23 Accuracy and reliability of documents and data  0.839    
KD24 MEP simulation and analysis (HVAC)  0.886    
KD26 Structural analysis and design  0.547    
KD27 Acoustic (sound) simulation and analysis  0.569    
KD28 
Five-dimensional (5D) cost estimation and scheduling (3D 
+ time + cost) 
 
0.903 
   
KD29 
Predicting, simulating and analysing environmental 
conditions (airflow, weather) 
 
0.886 
   
FC3 Education and knowledge related factors 4.02  2.194 7.313 75.856 
KD11 BIM training  0.862    
FC4 Processes and regulations factors 4.51  1.323 4.411 80.267 
KD1 Integrating project documentation/bid preparation  0.895    
KD2 Adequate cost allocation to BIM  0.935    
KD14 Development of a legal framework for BIM  0.874    
KD15 Reduced risk of claims or litigation  0.949    
KD20 Boosting implementation of LC, and IPD  0.878    
KD30 




   
FC5 Project objectives related factors  4.76  1.083 3.610 83.877 
KD6 Reducing construction project cost  0.836    
KD7 Reducing construction project duration  0.741    
KD12 Improving quality and construction project performance  0.803    
KD16 Senior organisational management support  0.161    
Notes: - FCs= factor cluster(s); KDs=key driver(s) 
  
The KMO value for the study’s PCA is 0.924, which shows an ‘excellent’ degree of 
common variance (Field, 2018; Green and Salkind, 2016; Siegel and Castellan,1988) 
and above the acceptable threshold of 0.50 (Field, 2018). More so, according to Field 
(2018) and Malhotra and Dash (2019), a KMO value close to 1 indicates that a compact 
pattern of correlations and that the PCA will generate distinct and reliable clusters. The 
BTS analyses revealed a substantial test statistic value (Chi-square, χ2 = 9408.945) and 
a small significance value (𝑝 = 0.000, degrees of freedom (df) = 345) which as argued 
by Field (2018) implies that the correlation matrix is not an identity matrix. Therefore, 
as the various requirements needed to proceed with a PCA have been met, the PCA can 
be applied in this study, for further investigation and discussion. This ensures the 
research can be conducted with better reliability and confidence. Six underlying clusters 
factors were extracted using PCA which represent 85.877% of the total variance in 
responses (see Table 9) which is above the minimum threshold of 60% (Hair et al., 
2010; Malhotra and Dash, 2019). 
The 30 LeanIPD&GID KDs are represented in one of the five underlying FCs, and all 
the factor loadings of each barrier factors are close to 0.5 or higher as suggested by 
(Malhotra and Dash, 2019). According to Hair et al. (2010) the higher the value of the 
factor loading of an individual factor (which is maximum of 1.0), the higher the 
significance of the factor to the underlying FCs. The factor loading values also reflect 
how each factor contributes to its underlying clusters factor (Hair et al., 2010; Fang et 
al., 2004). The findings reveal a consistent and reliable factor loading and interpretation 
of the extracted individual factor. 
 
  
6.6 Discussion of key FCs after PCA 
The FCs are analysed in Figure 11 and ranked in descending order of significance 
towards interpreting the individual factors linked to them. An identifiable and collective 
label is attached to each grouped factor of high correlation coefficients, which are 
themselves a cluster of individual factors. The factor clusters are ranked using their 
factor scale rating. The factor scale rating is the ratio of the mean of individual factors 
within a cluster divided by the number of factors in the cluster. Discussion of the key 
factor clusters focuses on the most significant three ranked FCs. Also, one of the 
purposes of employing the factor scale rating analysis is to highlight more significant 
FCs with relatively higher rating values for further discussion. The factor clusters 
representing the relationship among the underlying factors are designated with an 
identifiable and collective label to aid their description (Thompson, 2004). A metric 
known as factor scale rating was employed to rank the factor clusters in descending 
order of relevance (Hair et al., 2010). The factor scale rating (Table 9) adds up the mean 
scores of each underlying factor of each cluster and divides the total mean score by the 
number of the underlying factor (Thompson, 2004). 
 
 
Figure 11. Ranking results of the factor scale rating for key FCs 
6.6.1 Attitude-related factors 
 
Factor cluster 1, comprises two KDs (KD19 and KD25) is the highest rated clustered 
factor with a factor scale rating of M= 5.01. This cluster is related to stakeholder 
attitude towards the adoption of LeanIPD (Evans et al. 2020a, b). This has led to a 
disproportionate level of implementation of BIM and LC practices in CMPs. Resistance 
to change impacts negatively on collaboration, communication, skills, knowledge, and 
the experience of project stakeholders as regards BIM and LC practices and its adoption 
in built environment. Hence, for the built environment to experience a full 
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attitude and perception to the uptake of BIM and LC practices is required. Despite the 
numerous advantages of implementing BIM and adopting LC in the built environment, 
there has been only slight development in its implementation in the MENA region. It is 
essential to bear in mind that a lack of management and client commitment and the 
perpetual factors of resistance to change still plays an important role in hindering the 
adoption of BIM and LC initiatives. Therefore, this research recommends that 
construction key stakeholders such as executive managers, clients, main contractors and 
engineering firms diminish their resistance and adopt collaborative dynamic and 
positive attitudes to change in the construction industry. Owners, clients and real-estate 
developers of CMPs are advised to be proactive in adopting BIM and LC approaches in 
their projects to improve LeanIPD&GID. 
6.6.2 Project objectives-related factors  
Factor cluster 5, comprises of four KDs (KD6, KD7, KD12 and KD16) with a factor 
scale rating of M = 4.76. Project objectives-related factors are related to construction 
firms’ hesitance to plan for future investments, challenges related to organisational 
policies and strategies, fragmented nature of the industry, and the difficulties in 
implementing BIM and LC in CMPs. The BIM concepts and LC principles, despite 
their revolutionary effects on the built environment still require integration of human 
efforts and strategies. Olawumi et al. (2018) revealed the lack of investment in most 
organisations, which has affected their adoption of smart sustainable practices. Antón 
and Díaz (2014) described the construction industry as a project-based sector. The 
availability of BIM and LC related software and data is pivotal to the decision-making 
process of project stakeholders; while the need for the government and professional 
bodies to subsidise the cost of procuring related BIM and LC practices software aids its 
adoption. Overall, the need for the development of sound and effective strategies by 
construction firms and stakeholders towards the adoption of smart, sustainable practices 
cannot be overemphasised. Accordingly, to enhance the execution of BIM and LC 
practices in the construction industry, more effort needs to be deployed by key project 
stakeholders in ensuring interoperability and data compatibility (Evans et al., 2021c). 
Meanwhile, Evans and Farrell (2020) and Evans et al. (2021a) reiterated the need for 
clear understanding and evaluation of BIM and LC criteria in construction projects. 
There is a need to integrate BIM with LC assessment methods. Therefore, it is 
recommended for project stakeholders, organisations, professional bodies and various 
local authorities to work in synchronisation to enhance the project-related factors and 
improve the adoption of smart and sustainable practices in construction projects. 
6.6.3 Technical-related factors 
Factor cluster 2, comprises of seventeen KDs (KD3, KD4, KD5, KD8, KD9, KD10, 
KD13, KD17, KD18, KD21, KD22, KD23, KD24, KD26, KD27, KD28, and KD29) 
with a factor scale rating of M = 4.55. Technical related factors are related to technical 
issues such as clash detection, coordination, visualisation scheduling, cost estimates. 
Evans et al. (2021a) observed that technology-based products in construction industry 
advance faster and received more acceptance, although implementation issues relating 
to integration between BIM and LC and efficiency problems lag behind. Many 
problems that have led to poor application were identified and have either pivoted upon 
technical matters i.e., staff training, cost and interoperability of software. BIM is one of 
the smart technologies that contributes to the successful of delivery of construction of 
megaprojects; it boosts augmented reality and improves visualisation, detection of 
clashes, coordination and collaboration among project stakeholders. Utilisation of cloud 
technologies also boosts project governance appliance (Alreshidi et al., 2016), while 
access to project information improves the adoption of LeanBIM practices. BIM has not 
yet achieved its full potential on construction projects due to a lack of commitment from 
project clients. 
7 Conclusion 
The built environment encounters substantial risks and challenges in its evolution 
towards sustainable development. International businesses, multinational AEC 
organisations, technical professionals, architecture, engineering, construction, project 
and portfolio management organisations face global connectivity challenges between 
business units, especially during the COVID-19 pandemic, to manage CMPs.  That 
raises the need to manage global connectivity as a main strategic goal of global 
organisations. This research developed a competency framework, GID transformative 
initiatives and FOW global initiatives to manage the integration between BIM, LC and 
IPD on CMPs in contemporary multinational engineering organisations. Although BIM, 
LC and IPD principles are being increasingly adopted in the USA and other parts of the 
world, integration of LeanIPD&GID on CMPs in the MENA region has not begun. 
Despite the numerous advantages that integration of BIM, LC, IPD, LeanBIM, LeanIPD 
and LeanIPD&GID provides, no sign of its implementation nor integration can be 
identified in the MENA region. Moreover, no extensive research has been completed in 
this region. A total of 30 KDs to integration of LeanIPD&GID on CMPs were identified 
via a desktop literature review and factors outlined in a questionnaire which was ranked 
by 226 respondents from 23 countries who have direct and extensive experience in the 
construction industry. The survey participants came from diverse professional 
disciplines and organisational backgrounds, which lends credence to the data collected. 
The study conducted a comparative assessment of perceptions of study participants 
based on their organisational backgrounds towards establishing patterns of difference. 
This research introduced a competency framework and FOW global initiatives. The 
research defined, redefined and conceptualised concepts have been introduced from an 
integrative perspective, such as BIM, LC, IPD, LeanBIM, LeanIPD and LeanIPD&GID 
transformative initiatives. The most significant KDs to integration of LeanIPD&GID on 
CMPs were ‘collaboration in design, construction works and engineering management,’ 
‘coordination and planning of construction work,’ ‘senior organisational management 
support,’ ‘boosting implementation of LC, and integrating project delivery,’ and ‘earlier 
and precise 3D visualisation of designs.’ While least significant KDs were ‘acoustic 
(sound) simulation and analysis,’ ‘structural analysis and design,’ ‘BIM training,’ 
‘development of a legal framework for BIM,’ and ‘adequate cost allocation to BIM.’ 
Research then clustered KDs to five-factor clusters. PCA concluded that the most 
significant factor clusters were ‘attitude-related factors,’ ‘project objectives-related 
factors,’ and ‘technical-related factors.’ The motivation behind the study and the 
findings of the study aligns with previous work such as that by Evans et al. (2021c) and 
Evans et al. (2021a) who argued that on modern CMPs, evaluation should not be only 
on the use of smart tools in design, construction and operation, but on full integration 
between BIM, LC, IPD, LeanBIM, LeanIPD and LeanIPD&GID transformative 
initiatives on CMPs. 
A profound research finding is that awareness of BIM in the MENA region is higher 
than LC, and LC awareness is higher than IPD knowledge. BIM adoption in the MENA 
region is higher than LC, while LC is still taking its first steps.  IPD is only slightly 
implemented in the MENA region. LeanBIM is slightly integrated, while LeanIPD 
integration is almost not present. The research proposed FOW global initiatives that 
rests on three fundamental elements culture, place and tools. In the past people were 
often dedicated to individual workstations; while post-COVID-19 thinking shifting the 
use of space to support groups and teams at a variety of workstations that will be 
technology enabled. The research also defined ‘work modes’ and elements of the 
‘destination’ which is the FOW office elements: The Porch, The Park, The Lab, The 
Library and the Classroom. 
8 Recommendations 
Accordingly, the research comes to the following recommendations to industry key 
stakeholders, clients, governments, and key decision-makers to tackle barriers to 
integration of LeanIPD&GID on CMPs. Led by governments, parties in the construction 
industry should: (1) Provide and issue incentives, policies, regulations or legal 
frameworks to encourage the AEC industry to adopt and integrate BIM, LC, IPD, 
LeanBIM, LeanIPD and LeanIPD&GID transformative initiatives. (2) Raise client 
awareness of benefits and strategies to integrate LeanIPD towards GID amongst key 
stakeholders. (3) Raise awareness of senior managers and clients about commitment to 
an IPD, LeanIPD, approaches and GID, LeanIPD&GID, competency framework, and 
FOW initiatives. (4) Raise construction industry awareness about the advantages of the 
integration of LeanIPD&GID to minimise the resistance of industry to change from 
traditional procurement to LeanIPD&GID. (5) Adopt integration of LeanIPD&GID on 
CMPs and adopt pilot projects to provide successful examples of benefits gained 
through adoption of LeanIPD, and (6) Provide training programmes, technologies, 
infrastructure, and resources to Enhance the technical skills of architects, designers, and 
construction managers for managing challenges of integrating LeanIPD&GID on 
CMPs. 
The research identified the current underlying gap of literature of the integrative nature 
of adoption of BIM, LC and IPD concepts and integration of LeanBIM, LeanIPD on 
CMPs. This research introduced a competency framework and FOW global initiatives 
in contemporary organisations and investigated integration between LeanIPD on CMPs 
towards FOW global initiatives in contemporary multinational AEC organisations. 
More research in this domain is still required, and a framework for managing challenges 
to integrate LeanIPD&GID on CMPs is essential to create systems in which continuous 
improvement can be achieved in a well organised and efficient way, and conceptual 
combination developed to promote performance improvements. Academics may carry 
out studies and divide the MENA region to more manageable divisions such as country 
by country, or to GCC countries, Egypt, and North Africa, or carry out comparative 
studies of challenges integration of LeanIPD&GID on CMPs in GCC countries and the 
MENA.
 
Table 6. Percentage score for KDs to integrate LeanIPD&GID on CMPs 1 
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0 = very strongly disagree, 1 = strongly disagree, 2 = disagree, 3 = not sure or don’t 
know, 4 = agree, 5 = strongly agree and 6 = very strongly agree. 
1 2 5 3 2 . . 3 2 2 5 30 116 3.87 64.44% 4 5 2 6 4 1.36 
2 3 3 3 3 . . 3 3 3 3 30 95 3.17 52.78% 3 3 2 6 4 0.79 
3 5 3 5 5 . . 5 5 5 5 30 136 4.53 75.56% 5 5 3 5 2 0.86 
. . . . . . . . . . . . . . . . . . .  . 
. . . . . . . . . . . . . . . . . . .  . 
224 3 3 3 3 . . 3 3 3 6 30 105 3.50 58.33% 3 3 0 6 6 1.31 
225 5 5 5 5 . . 5 5 5 5 30 152 5.07 84.44% 5 5 5 6 1 0.25 
226 5 5 5 5 . . 5 5 5 5 30 150 5.00 83.33% 5 5 5 5 0 0.00 
Count 226 226 226 226 . . 226 226 226 226           
Sum for each 
participant 
917 895 1011 927 
. . 
782 928 926 1081           




















































   72.42%       
Median 5 3 5 5 . . 3 5 5 5           
Mode 5 3 5 5 . . 3 5 5 5           
Minimum 2 2 3 2 . . 0 2 2 3           
Maximum 6 6 6 6 . . 6 6 6 6           
Range 917 895 1011 927 . . 782 928 926 1081           
SD 1.096 1.097 1.067 1.117 . . 1.324 1.098 1.123 0.939           
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